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Geographic  Information  Systems  /  3D  GIS  /  Digital  Terrain  Models



vector  data  /  points,  lines,  polygons,  shapes



raster  data  /  LiDAR  data



Arup  Irradiation  Mapping  Tool  (iMAP)

§ Integration  of  Geographic  Information  Systems  (GIS)  and  
the  Radiance  enables  automation  and  highly  efficient  
analysis  of  individual  buildings  as  well  as  large  areas  with  
tens  of  thousands  of  addresses



3D  city  models

©



ESRI  shapefiles





GIS  software

!
• Commercial 

• ArcGIS 

• Open Source 
• QGIS 
• Grass 
• GDAL-OSR 
• pyshp 
• shapely 
• scipy/numpy/matplotlib 

• libLAS 
• mapnik



pyshp  -‐‑  shapefile.py



pyshp  -‐‑  shapefile.py



Projection  file  (prj)

PROJCS[“WGS_1984_UTM_Zone_30N",!
! GEOGCS[“GCS_WGS_1984",!
! ! DATUM[“D_WGS_1984",!
! ! SPHEROID[“WGS_1984",6378137.0,298.257223563]],!
! ! PRIMEM[“Greenwich”,0.0],UNIT["Degree",0.0174532925199433]],!
!
! PROJECTION[“Transverse_Mercator"],!
! PARAMETER[“False_Easting",500000.0],!
! PARAMETER[“False_Northing",0.0],!
! PARAMETER[“Central_Meridian",-3.0],!
! PARAMETER[“Scale_Factor",0.9996],!
! PARAMETER[“Latitude_Of_Origin",0.0],!
! UNIT["Meter",1.0]]



from sys import argv, exit, stdout 

from os.path import exists, isdir, join, basename, splitext 

import shapefile 

from os import system, mkdir, listdir 

from commands import getoutput 

from subprocess import Popen 

from optparse import OptionParser 

from shapely.geometry import Polygon 

from math import sqrt, atan, asin, acos, degrees, radians, pi 

from scipy import matrix 

from numpy import dot, cross 

import vtk 

import pyproj 
from osgeo import ogr 
import mapnik 

from PIL import Image 



 sf = get_options() #, material 
 shapefilename, shapefileext = get_name_ext(sf) 
 #print shapefilename, shapefileext 
 if exists(sf): 
  # get barycentre from bounding box  
  rectangle = getbbox(shapefilename) 
  print '%s bounding box:' % sf,  rectangle 
  orig_X = (rectangle[2]+rectangle[0])/2 
  orig_Y = (rectangle[3]+rectangle[1])/2 
  driver = ogr.GetDriverByName('ESRI Shapefile') 
   
  # get source projection 
  ds = driver.Open(sf) 
  layer = ds.GetLayer() 
  sr = layer.GetSpatialRef()  
  print 'source projection:', sr.ExportToProj4() 
  print 'UTM Zone:', sr.GetUTMZone() 
   
  srcProj = pyproj.Proj(sr.ExportToProj4()) 
  dstProj = pyproj.Proj(proj='longlat', ellps='WGS84', datum='WGS84') !
  print 'dest projection:', dstProj.srs 
   
  longitude, latitude = pyproj.transform(srcProj, dstProj, orig_X, orig_Y) 
  dest_X, dest_Y = pyproj.transform(dstProj, srcProj, out_lon, out_lat) 
  dest_long, dest_lat = pyproj.transform(srcProj, dstProj, out_x, out_y) 
   
  print "UTM zone %s coordinate x, y (%0.4f, %0.4f) = (%0.4f, %0.4f) lat, long " % (sr.GetUTMZone(), orig_X, orig_Y, latitude, longitude) 
  print "lat, long coordinate x, y (%0.4f, %0.4f) = (%0.4f, %0.4f) lat, long " % (out_lat, out_lon, dest_X, dest_Y) 
  print "UTM zone %s coordinate x, y (%0.4f, %0.4f) = (%0.4f, %0.4f) lat, long " % (sr.GetUTMZone(), out_x, out_y, dest_lat, dest_long4)



Automatic  generation  of  3D  model  and  sampling  
points  on  roofs  from  GIS  shape-‐‑files



Terrain  and  obstructions  model  from  LIDAR



Combined  geometry  and  terrain  model  for  
more  accurate  analysis



Local  and  background  obstructions  /    
horizon  profiles



Irradiation  components:  direct  and  diffuse



Global  annual  irradiation



Instantaneous  irradiance  profiles



UK  roofs



Irradiance  data  into  GIS



Irradiance  data  into  GIS



Interrogation  of  GIS  model



Statistics  from  GIS  model



Statistics



Statistics



Web  interface  experiments  -‐‑  Flex



geoJSON

{ 

"type": "FeatureCollection", 

"features": [ 

{ "type": "Feature", "properties": { "BUILDINGID": "GBRBOUR0001395", "BLOCKID": 1, "ROOFTYPE": 2, "ROOFSUB": 1, "REPAIR": 0, "Area": 
7.103009 }, "geometry": { "type": "Polygon", "coordinates": [ [ [ -208526.475416, 6575233.842579 ], [ -208526.965916, 6575231.910008 ], 
[ -208535.579035, 6575234.108296 ], [ -208535.088539, 6575236.040709 ], [ -208526.475416, 6575233.842579 ] ] ] } } 

, 

{ "type": "Feature", "properties": { "BUILDINGID": "GBRBOUR0001395", "BLOCKID": 2, "ROOFTYPE": 2, "ROOFSUB": 1, "REPAIR": 0, "Area": 
2.748727 }, "geometry": { "type": "Polygon", "coordinates": [ [ [ -208519.872014, 6575232.157297 ], [ -208517.506644, 6575233.361556 ], 
[ -208516.038868, 6575231.736187 ], [ -208519.482283, 6575230.000100 ], [ -208519.872014, 6575232.157297 ] ] ] } } 

, 

{ "type": "Feature", "properties": { "BUILDINGID": "GBRBOUR0001395", "BLOCKID": 2, "ROOFTYPE": 2, "ROOFSUB": 1, "REPAIR": 0, "Area": 
5.808792 }, "geometry": { "type": "Polygon", "coordinates": [ [ [ -208519.872014, 6575232.157297 ], [ -208519.482283, 6575230.000100 ], 
[ -208526.965916, 6575231.910008 ], [ -208526.475416, 6575233.842579 ], [ -208519.872014, 6575232.157297 ] ] ] } } 

, 

{ "type": "Feature", "properties": { "BUILDINGID": "GBRBOUR0001395", "BLOCKID": 2, "ROOFTYPE": 2, "ROOFSUB": 1, "REPAIR": 0, "Area": 
3.901491 }, "geometry": { "type": "Polygon", "coordinates": [ [ [ -208514.575594, 6575237.500646 ], [ -208516.038868, 6575231.736187 ], 
[ -208517.506644, 6575233.361556 ], [ -208516.341564, 6575237.951251 ], [ -208514.575594, 6575237.500646 ] ] ] } } 

, 

{ "type": "Feature", "properties": { "BUILDINGID": "GBRBOUR0001395", "BLOCKID": 3, "ROOFTYPE": 3, "ROOFSUB": 1, "REPAIR": 0, "Area": 
24.153967 }, "geometry": { "type": "Polygon", "coordinates": [ [ [ -208531.171831, 6575248.206274 ], [ -208525.177928, 6575242.341525 ], 
[ -208517.261731, 6575244.656177 ], [ -208514.799085, 6575244.027724 ], [ -208523.197967, 6575239.588700 ], [ -208533.519228, 
6575242.222763 ], [ -208531.949915, 6575248.404821 ], [ -208531.171831, 6575248.206274 ] ] ] } } 

, 

{ "type": "Feature", "properties": { "BUILDINGID": "GBRBOUR0001395", "BLOCKID": 3, "ROOFTYPE": 3, "ROOFSUB": 1, "REPAIR": 0, "Area": 
15.543203 }, "geometry": { "type": "Polygon", "coordinates": [ [ [ -208523.197967, 6575239.588700 ], [ -208514.799085, 6575244.027724 ], 
[ -208516.341564, 6575237.951251 ], [ -208517.506644, 6575233.361556 ], [ -208523.197967, 6575239.588700 ] ] ] } } 

,



OpenLayers  /  Leaflet

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Strict//EN" "http://www.w3.org/TR/xhtml1/DTD/xhtml1-strict.dtd">!
<html xmlns="http://www.w3.org/1999/xhtml">!
<head>!
<title>OGR2Layers</title>!
<style>!
 #map{width:400px;height:400px;}!
</style>!
<script src="http://www.openlayers.org/api/OpenLayers.js"></script>!
<script type="text/javascript">!
var map, selectsControls!
function init(){!
! var option = {!
! ! projection: new OpenLayers.Projection("EPSG:900913"),!
! ! displayProjection: new OpenLayers.Projection("EPSG:4326")!
! };!
! map = new OpenLayers.Map('map', option);!
! olmapnik = new OpenLayers.Layer.OSM("OpenStreetMap Mapnik", "http://tile.openstreetmap.org/${z}/${x}/${y}.png");!
! map.addLayer(olmapnik);!
! map.setBaseLayer(olmapnik);!
! var ls= new OpenLayers.Control.LayerSwitcher(); !
! map.addControl(ls); !
! ls.maximizeControl(); !
! map.addControl(new OpenLayers.Control.MousePosition());!
! map.addControl(new OpenLayers.Control.Scale());!
! map.addControl(new OpenLayers.Control.Permalink());!
! map.addControl(new OpenLayers.Control.Attribution());!
! map.addControl(new OpenLayers.Control.OverviewMap());!
! map.addControl(new OpenLayers.Control.PanZoomBar());!
! var roofs_template = { !
! ! strokeColor: "#000000",!
! ! strokeOpacity: 1,!
! ! strokeWidth: 0.26,!
! ! fillColor: "#0122c1",!
! ! fillOpacity: 1!
! }



OpenLayers  /  Leaflet

var roofs_style = new OpenLayers.Style(roofs_template)!
! //START QUERY roofs!
! function onPopupCloseroofs(evt) {!
! ! selectControl.unselect(selectedFeature);!
! }!
! function onFeatureSelectroofs(feature){!
! ! selectedFeature = feature;!
! ! tableroofs="<html><meta http-equiv='Content-Type' content='text/html; charset=UTF-8'><body><table><tr><td><b>BUILDINGID:</b></
td><td><i>"+feature.attributes.BUILDINGID+"</i></td></tr><tr><td><b>BLOCKID:</b></td><td><i>"+feature.attributes.BLOCKID+"</i></td></
tr><tr><td><b>ROOFTYPE:</b></td><td><i>"+feature.attributes.ROOFTYPE+"</i></td></tr><tr><td><b>ROOFSUB:</b></
td><td><i>"+feature.attributes.ROOFSUB+"</i></td></tr><tr><td><b>REPAIR:</b></td><td><i>"+feature.attributes.REPAIR+"</i></td></tr><tr><td><b>Area:</
b></td><td><i>"+feature.attributes.Area+"</i></td></tr></table></body></html>"; !
! ! popup = new OpenLayers.Popup.FramedCloud("popup", !
! ! ! feature.geometry.getBounds().getCenterLonLat(),!
! ! ! new OpenLayers.Size(1000,500),!
! ! ! tableroofs,!
! ! ! null,!
! ! ! true,!
! ! ! onPopupCloseroofs!
! ! ); !
! ! feature.popup = popup;!
! ! map.addPopup(popup);!
! }!
! function onFeatureUnselectroofs(feature) {!
! ! map.removePopup(feature.popup);!
! ! feature.popup.destroy();!
! ! feature.popup = null;!
! }!!
!



OpenLayers  /  Leaflet

var roofs = new OpenLayers.Layer.GML("roofs GeoJSON", "roofs.GeoJSON", {format: OpenLayers.Format.GeoJSON, styleMap: roofs_style});!
! map.addLayer(roofs);!
! selectControl = new OpenLayers.Control.SelectFeature(!
! ! [roofs, ],!
! ! {!
! ! ! clickout: true, toggle: false, !
! ! ! multiple: false, hover: false, !
! ! ! toggleKey: "ctrlKey", // ctrl key removes from selection!
! ! ! multipleKey: "shiftKey" // shift key adds to selection!
! ! }!
! );!!
map.addControl(selectControl);!
! selectControl.activate();!
! roofs.events.on({!
! ! "featureselected": function(e) {!
! ! ! onFeatureSelectroofs(e.feature);!
! ! },!
! ! "featureunselected": function(e) {!
! ! ! onFeatureUnselectroofs(e.feature);!
! ! }!
! });!
! extent = new OpenLayers.Bounds(-1.8882,50.732696,-1.869302,50.741725).transform(new OpenLayers.Projection("EPSG:4326"), new 
OpenLayers.Projection("EPSG:900913"));!
! map.zoomToExtent(extent);!
};!
</script>!
</head>!
<body onload="init()">!
<h1>Bournemouth Solar Potential Mapping</h1>!
<div id="map"></div>!
</body>!
</html>







!

!

Thank  you!

Francesco  Anselmo  
francesco.anselmo@arup.com


